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a consolidation of these three papers in the Con- 
struction Field offers an unusual opportunity to 
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nery, equipment, materials and tools. Published 
on the 1st and 15th of each month with a guar- 
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Create maximum impression on the dealer, job- 
ber and consumer and dominate the field by using 
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The STEARNS-ROGER Mfg. Co. 
OF DENVER, COLORADO 


can assist you in securing a substantial 
bonus payable for the highest grade 


Manganese-Tungsten and Chromite 


concentrates. These are almost invari- 
ably slightly magnetic and by means of 


The Wetherill Magnetic Separator 


garnets, sulphides or other interfering 
minerals can be readily eliminated. 
More Wetherill machines are being 
manufactured for this purpose at present 
than in all previous years combined. 

















THE TOOL-OM-ETER 


The wind bloweth where it listeth 
And what do you care? 

But COMPRESSED AIR costs money 
And the AIR goes WHERE ? 








This little meter gives you the answer. Shows at a glance how 
much air is used by your sluggers, guns, jacks, japs, giants, ram- 
mers, riveters, motors, etc.—when they are new, after a month, 
three months, before and after overhauling and putting in new parts. 
Enables you to locate and remove leaks, losses and “‘air eaters’? and 
to keep your equipment in effective and economical working con- 
dition. You can stop losses, decrease costs and increase your out- 
put with the same compressor capacity. 
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“The day of guesswork is past.’’ 


Write for further information stating what uses you make of 
Compressed Air. 


ASK FOR BULLETIN 5-A. 


NEW JERSEY METER CO. 


PLAINFIELD, NEW JERSEY 
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TAMPING A SET 
SCARCITY OF MEN AND GROWING 
USE OF AIR IN RAILROAD MAIN- 
TENANCE* 


In the present acute labor shortage with 
men practically unobtainable at reasonable 
rates in sufficient numbers to carry of even 
the most urgent work, compressed air is of 
particular advantage to the maintenance of 
way department because of its adaptability to 
various kinds of maintenance work. 

PNEUMATIC TIE TAMPERS 

What has now come to be the most common 
use of compressed air in railroad maintenance 
is in the work of tie tamping. The tamping 
tools may be operated either by utilizing exist- 

*Condensed from Railway Maintenance En- 
gineer. 








OF CROSSINGS 


ing air lines, as in the case of the Pennsyl- 
vania, where a permanent installation of air 
for use in connection with pneumatic switch 
and signal systems and other purposes is avail- 
able in the mainline territory between New 
York and Pittsburgh, or in connection with 
portable gasolene-driven air compressors pro- 
vided for the purpose. 


PORTABLE COMPRESSORS 
Many of the large eastern roads, including 
the Lackawanna and the Lehigh Valley, are 
using tamping outfits operated in connection 
with portable compressors. The first outfits 
were installed on the Lackawanna in the sum- 
mer of 1916, when five outfits of the four-tool 


type were placed in service on the west end - 


of the Buffalo division as a test installation. 
These outfits were placed on alternating sec- 
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tions to test out their efficiency as compared 
with hand tamping on the adjoining sections, 
and as the result of this test 25 additional out- 
fits were purchased and placed in service in 
June, 1917. With these outfits, in addition to 
the first five, the 217 miles of main line be- 
tween Halsted, Pa., and Buffalo, N. Y., was 
completely equipped, leaving the 179 miles of 
main line between Hoboken, N. J., and Halsted 
unequipped. 
DIFFERENT CONDITIONS OF HAND AND MACHINE 
WORK 

In 1917 the gangs were short-handed and 
the labor employed was below the usual stand- 
ards, causing a decline in gang efficiency. 
Working under these conditions, it was found 
that machine work was done at a less cost and 
was better done than the hand tamping. This 
was due to the fact that an efficient foreman 
was: able to control the machine work to a 
greater extent than the hand work. With 
the machine a good job is a matter of position 
and.time of tamping, which the foreman could 
control, thus in a measure overcoming the 
inefficiency of the labor, while with hand tamp- 
ing it is a matter of strength and willingness 
as well, both of which are beyond ‘the control 
of the foreman. The outfits were found to be 
especially valuable for gangs which were short 
handed because of the greater output of work 
units per man. With six men to the section as 
2 minimum a foreman was able to keep his 
track in good line and surface and, because of 
the superior work of the tamper, once the 
track was in shape it held better. 
MOST EFFICIENT ON THE MOST DIFFICULT WORK 

The tampers were found particularly effi- 
cient in complicated track work as in yards 
and at interlocking plants where hand tamping 
is practically impossible. They were also found 
to be economical in resurfacing as loose ties 
may be tamped without digging out the bal- 
last when the work is done with the machines. 
With hand tamping this digging out is neces- 
saty to tamp the ties properly. 

SELF ADVERTISING TOOLS 

On the strength of the results obtained early 
in 1917, the Lackawanna purchased 25 addi- 
tional outfits. These have been delivered and 
7 more are now under construction, making a 
total of 62 outfits in all. With these placed in 
service the entire main line between Hoboken 
and Buffalo will be equipped. 

OTHER COMPRESSED AIR USES 
The Lehigh Valley utilizes the compressors 


the year around. In winter they are employed 
on the line to supply air to boilermakers’ tools, 
thus releasing locomotives generally used for 
this purpose. They are also used by the bridge 
and building department in sawing and boring 
bridge and other timbers and it is proposed to 
utilize them for operating saws for cutting 
timbers. Compressors have also been utilized 
by the Lehigh Valley to supply air to train 
lines in yards where the regular equipment 
was one of order or the supply was insufficient. 
Here again they replaced locomotives. 

By the substitution of a suitable bit or chisel 
for the tamping bar the outfit may be used for 
cutting pavements and concrete foundations 
away from the rails in city streets as has been 
previously. described. On railways with track 
pans on the line the cutting tools may be used 
in combating ice conditions. By the substitu- 
tion of other tools for the tamping tools, the 
compressor may be utilized in cleaning rust 
from steel, as a sand blast, for painting steel 
or other structures.’ 

In placing the rail on the 26 miles of line of 
the New York Connecting Railway, the com- 
pressors were used in connection with inger- 
soll-Rand Little David No. 11 S. E. reversible 
drills in placing screw spikes. Exclusive of 
the overhead expense and the depreciation 
the cost per spike placed by this method aver- 
aged $0.008. 

NOVEL ROCK CUTTING JOB 

The Pennsylvania Railroad recently em- 
ployed air in a novel way for widening a rock 
cut on its line between East Liberty, Pa., and 
Pittsburgh. The rock removed is known as 
Pittsburgh shale and, while soft and having 
decided cleavages, is hard enough to make its 
removal by hand picks difficult. The local re- 
strictions prevented the use of explosives and 
as the work was of considerable magnitude, 
being 400 ft. long with a thickness ranging 
from 10 to 25 ft. it was decided to utilize 
tamping tools fitted with bars with pick points 
in place of the tamping bars to remove the 
rock. 

Rope slings to support the men and tools 
were attached to the. fence at the top of the 
cut and, together with an air hose, were strung 
along the face of the cut. The work com- 
menced at the top of the wall and progressed 
downward in shelves, each cut being made to 
the full depth back to the permanent face. The 
operator picked downward through the rock 
for a distance of about 8 in. and then drove 
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NOVEL ROCK CUTTING JOB 


the pick into the horizontal seam, breaking the 
rock off in layers about’6 in. thick. 

Owing to its brittle nature the rock broke off 
in comparatively small pieces, which became 
further broken up in the downward course in- 
to gondola cars which were placed alongside 
the work. Inclined plank aprons were provid- 





PNEUMATIC SPIKE DRIVER 





ed to enable the spoil to be loaded into the cars 
with the least effort. The method of placing 
the slings and the loading of the material are 
shown in the photograph. The air supply for 
the tools was obtained from the supply line 
which is used in connection with the signal 
system. 


RECENT DEVELOPMENTS IN AIR TOOLS 
Two air-operated tools which are applicable 

to maintenance work have recently been per- 

fected by the Ingersoll-Rand Company, and are 





PNEUMATIC RAIL DRILL 
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now in use on several of the eastern roads. 


The tools are a spike-driving hammer for seat-~ 


ing cut spikes and a pneumatic rail drill, which 
is used for drilling rails for joints and for 
bonding. 

SPIKE DRIVER. 

The pneumatic spike driver is larger than 
the riveting hammers familiar to railway men. 
The complete machine is _25<in. long and 
weighs slightly more’ thay Bo Ib. sit strikes a 
slow, hard blow under’ the positive contro]..of - 
a trigger located*6n the inside of the T han- 
dle and whem starting the spikes it-is possible 
to throttle the hammer blow to a light tap. The 
piston of the tool transmits the driving force 
through an interposed hammer block, which is 
cupped out to accommodate the head of the 
spike. From a time-saving point of view it 
has béen found most efficient to start the spikes 
by hand and finish the driving by the machine. 
It takes approximately five seconds to drive 
home a spike. One man with a spike driver 
can follow three men starting spikes and drive 
home all they can set up. 

PNEUMATIC DRILL AND “OLD MAN” 

The pneumatic drill, which is known as the 
No. 9 “Little David,” is eauipped with a three- 
cylinder motor, giving it a constant power im- 
pulse. It weighs 37 lb. and operates at a speed 
of 140 r.p.m. The spindle socket accommo- 
dates No. 4 Morse taper shanks. As shown in 
the photograph, a lever type “Old Man” has 
been developed for use in attaching the drill- 
ing machine. to. the rail. Its quick clamping 
action minimizes the time. required for a set up 
and the constant pressure drill feed is a fur- 
ther advantage. Observations for actual drill- 
ing speed js ‘show an. average of. 45 sec. required 
for an 80-1b; rail apa: 1. thin. 30 SEC. ‘for a .120- 
Ib. rail. 

INGENIOUS ‘SOLUTION OF DIFFICULT 
SALVAGE PROBLEM 
Marine srecords .contain. very few..instances 





in which vetturned ‘and sunken ships have 
been refloated. A vessel in that position. pre- 


sents a very awkward mass to handle. One 
of. the foremost: difficulties is that of controll- 
ing the water inside of the craft when the ship 
is righting herself and rising to the surface. 
The surging water may all too easily upset the 
boat’s stability at a critical moment in the op- 
erations and heel her over so far that she will 
refill and sink again, possibly bottomside up. 
The recent salvage of the German tanker 








THE Gut HEIL. eet 


“Gut Heil” is of speak shierest because the 
‘shi was. commonly considered a total loss and 


3a hopeless: task for. wreckers. The vessel 
“foundered inghe 1 Tatter part of 1912 just after 


leaving the dock ‘at Baton Rouge. -with a full 
load of $3,800 tons of oik” AA.¢hain cable 
fouled her propeller, and while’ ‘tinmgnageable, 
the steamer was carried by the “eyrfent down 
upon two other vessels. Each tore a hole in 
the “Gut Heil’s” port side, and through these 
wounds the waters of the Mississippi flooded 
into her. Sometime afterwards, her under- 
writers, the Standard Oil Company, tried to 
raise her. They succeeded up to a point, but 
the free surface of the water inside of her in- 
vited disaster—the fluid ballast started. the 
craft heeling, and before her angular move- 
ment could be arrested, she rolled over, re- 
filled, and sank to the riverbed on her injured 
side.’ The efforts to refloat her entailed an 
outlay of more than $100.000. - 

Nothing further was done by her under- 
writers save to recover some of the bulk oil 
she carried. After that, the tanker was aban- 
doned, and -just because she did not seriously 
interfere with navigation the United States au- 
thorities. failed Aa. dispose of her by blowing 
her Up. ‘as-is generally: lone with derelicfs. In 
the coursé of four. years. and more, the mud of 
the- Mississippi worked ito the sunken vessel 
and loaded her with substantially 4,000 tons of 
silt, adding just that much more to the improb- 
ability of ever raising the sfeamer. Such were 
the general conditions when’ a New York sal- 
vage concern was asked a few months ago to 
try to refloat the ship. The probfem presented 
a number of angles which had to be dealt with 
successively in order to bring about.a state of 
affairs that would favor her ultimafe recovery. 

First, the mud inside of her had to be re- 
moved; second, the two injuries had to be 
closed and the tanker otherwise made structur- 
ally tight so that compressed air could be used 
for the final expulsion of the water inside of 
her; third, it was needful that the distribution 
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SIDE OF GUT HEIL JUST OUT OF WATER 


of water ballast and buoyancy should be sus- 
ceptible of extremely nice control throughout 
all of the steamer’s compartments ; and, finally 
very positive checks had to be provided to hold 
the boat from acquiring a sudden excess heel 
through the momentum induced when: swing- 
ing into a vertical position. 

To free the “Gut Heil” of mud, the wreckers 
devised an ingenious and very effective com- 
pressed air siphon: This apparatus served the 


double purpose of loosening the mud and then 
raising it to the surface. The siphon handled 


‘the problem a good deal better than the avail- 


able types of salvage pumps. Wath 3,000 tons 
of the silt thus removed it was possible for 
divers to enter the vessel and examine her 
structural condition. They ‘found that her main 
longitudinal bulkhead: ‘was only loosely ‘con- 
nected with the two decks above and, there- 
fore unsuited in that state to isolate the neigh- 








SKETCH OF THE GUT HEIL AS SHE LAY AND OF THE MANNER OF RIGHTING 
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MERCURY TUBES FOR WATCHING THE PRESSURE IN THE COMPARTMENTS 


boring compartments so that they might be 
dealt with separately in applying compressed 
air for the final expulsion of their containea 
water. Binders of reinforced concrete, fixed 
in position while the tanker lay submerged, 
tied the decks and the bulkhead together and 
effectually sealed the joints. Reinforced con- 
crete patches, put in position under water, also 
closed the two wounds in the hull plating 
caused by the collisions. 

To each compartment—in most instances 
through the hatch covers—air supply and wat- 
er exhaust connections were installed. The 
admission of compressed air forced the con- 
tained water outboard, and the release of the 
air pressure permitted the re-entry of the wat. 
er. The air was supplied by hose, and all of 
these conduits were centered at a swinging 
platform erected upon the rail of the upturned 
side of the ship. Each lead of hose was there 
operated by its own valve, tapping flasks duly 
charged for the service. Upon this same oper- 
ating stage were installed two groups of gages: 
one group, of the usual dial type, showing the 
volume of, stored air available for the expul- 
sion of water, and the other group, composed 
of 40-inch mercury columns, indicating the 
measure of air in each submerged subdivision 
of the vessel. This arrangement provided the 
wrecking master with a visible record of the 
internal distribution of buoyancy and water 
ballast; and by means of the bank of valves 
immediately at hand it was possible for him 
to make instant and very nice adjustments of 


these opposing forces as the movement of the 
craft necessitated. 

But notwithstanding this seemingly com- 
plete equipment, the wreckers determined to 
take no chances. Therefore they secured to 
her at several points wire rope purchases which 
were led ashore to tackles attached to 40-ton 
blocks of cement buried in the ground. The 
tackles were operated by power-driven winches. 
Five of these purchases were made fast to 
mooring bits on the deck of the tanker on her 
lower side; and great credit is due the divers 
for the skillful and thorough way in which 
they did this difficult work. The sixth pur- 
chase in the form of a salvor’s parbuckle, was 
secured to a deck bit on the upper side of the 
deck, then led over the upturned side, down 
through the propeller well, thence under the 
ship, and from there to the shore. The lat- 
ter purchase made it possible to exert a right- 
ing force, while the five other purchases en- 
abled the wreckers, at one stage of the work, 
to draw the ship shoreward into shallower 
water and, later, served to check the angular 
movement of the tanker when she was com- 
ing up to a vertical posture. 

The salvors took no chances, as the fore- 
going preparations make plain, and it was wise, 
because they were thus able to deal with a 
number of unexpected contingencies. For in- 


stance, while the compressed air siphons func- 
tioned very well, indeed, still about a thousand 
tons of mud remained in the craft clinging to 
the upper surfaces of compartments at the time 
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righting operations were started. When the 
steamer was beginning to free herself from the 
bottom and to turn on her longitudinal axis, 
this mud dropped away from its resting places 
and fell to the lower sides of the several sub- 
divisions. This radically altered the “Gut 
Heil’s” center of gravity, and for a while ef- 
fectually arrested her angular motion. How- 
ever, her changed position vertically gave the 
wreckers a chance to pull her farther inshore 
where she grounded and took a still better 
posture for subsequent work upon her. 

When the ship was finally restored to an 
even keel, but while still resting upon the riv- 
erbed, it was discovered that the hole through 
the hull into the engine room had not been 
perfectly sealed by the reinforced concrete 
patch placed over it by the divers. That is to 
say, there was a leak which made it impossible 
to fill the space with compressed air in order 
to drive out the contained water. Therefore, 
it was decided to drain the engine room by 
suction pumps, and the leak was successfully 
stopped by means of a canvas patch applied ex- 
ternally. This patch was reinforced by strips 
of wood placed horizontally which, while stif- 
fening the fabric and holding it stretched, left 
it flexible enough to adjust itself to inequalities 
of surface where the steel plating had been 
torn at the time of collision. This may seem 
an unimportant detail, but that expedient shows 
how it may be possible to deal quickly with a 
wound in any of our fighting ships or damaged 
war freighters. The usual woven mattress of 
hempen cable, such as is generally advocated in 
the naval service, is a clumsy thing to handle 
and not susceptible of rapid fabrication. 

The “Gut Heil” is a vessel 321 feet long; and 
on a 21-foot draft carries 3,800 tons of oil. As 
she lay submerged she represented a dead 
weight of substantially 6,000 tons. The wreck- 
ers were engaged about two months in their 
preparations and the ultimate refloating of the 
craft. The latter operation was carried through 
in the course of a single day. When sunk, in 
1912, the ship was valued at approximately 
$300,000. Today, she would bring a round mil- 
lion of dollars. Notwithstanding her five years’ 
submergence, she is structurally sound, and 
her machinery, though very dirty, is in excel- 
lent condition. The turning over and refloat 
ing of the tanker, although commonly consid- 
ered an impossible wrecking feat, illustrates 
what the resourceful scientific salvor can 
achieve now in the face of many physical diffi- 
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culties; and it emphasizes the part certainly to 
be played by the wrecker in restoring to ser- 
vice ships that are sunk by routine mishaps or 
sent to the bottom by the ravaging submarine. 
—Scientific American. 





MILLIONS OF TONS OF COAL SAVED 
BY SOOT BLOWERS 

A recent statement by the Diamond Power 
Specialty Company, Detroit, points out that its 
mechanical soot blowers saved the nation 2,- 
200,000 tons of coal during 1917 by keeping 
heating surfaces clean, and in this way en- 
abling more efficient heat transfer from furn- 
ace gases to boiler heating surfaces. This 
company reports at a conservative estimate 
about 11,000,000 boiler horsepower in the 
United States are being maintained efficient by 
Diamond soot blowers. If these boilers aver- 
age 2500 hours operation yearly, and allowing 
4 pounds of coal per boiler horsepower per 
hour, the coal consumption will be in the 
neighborhood of 55,000,000 tons. Both the 
above estimates tend to belittle the coal con- 
sumption. 

The Diamond soot blower will save 4 per 
cent, and often 8 per cent, of the fuel burnt 
by preventing the adherence of soot upon 
the heating surfaces, which for the above coal 
consumption represents a saving of 2,200,000 
tons of coal annually when figured on 4 per 
cent basis. Expressed in dollars this represents 
a financial saving in the fuel bill of between 
$8,000,000 to $9,000,000. With normal loading 
railroad congestion and car shortage have been 
reduced to the extent of 44,000 carloads of 
coal. 





A PORTABLE LIGHT RECORD 

What is undoubtedly the largest contract 
for lights ever made in this country—and 
probably in the world—was closed lately when 
the Alexander Milburn Company of Baltimore 
received an order from the United States 
Government for portable lights representing 
the almost staggering total of more than 
50,000,000 candlepower. They are intended 
for use in France, where they will play an 
important part in the feats of engineering be- 
hind the lines. Free communication between 
the front line and the bases—facile transporta- 
tion, by rail, motor and wheel—is absolutely 
vital. The work of keeping these lines open 
is carried on day and night by means of these 
lights. These lights are of the portable car- 
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abide kind, such as the company has specialized 
fer many years, and which the Government 
has standardized for army and navy uses. 
They use ordinary commercial carbide, a fuel 
sold throughout the world and obtainable in 
any quantity. It is safer than oil or gasoline 
and is readily handled. 





“RECENT DEVELOPMENTS IN AIR- 
PUMP DESIGN 
BY. E. P. JONES* 

With the earliest types of surface-condens- 
ing equipment it was usual to employ one pump 
for removing both the condensate and air from 
the condenser. This pump was known as a 
“wet” air pump, and a good example of this 
type is the Edwards air pump, one of the most 
efficient of its class. The chief advantages of 
this type of pump are: (1) Low power re- 
quired for driving; (2) positive action and 
consequent stability; (3) ability to cope with 
excessive air leakages. While the Edwards 
pump is still an excellent pump for units up 
to, say, from 3000 to 4000 kw., it must be re- 
membered that, with the ever-growing size of 
power units, its disadvantages should be kept 
in view. For large units with Edwards pumps 
it is: necessary that they should run at a very 
low, speed, and consequently they are very cum- 
bersome and take up a large amount of floor 
space. 

With jet plants the Edwards pump is some- 
times used as a dry air pump. It is necessary, 
of course, to provide a small quantity of water 
for sealing purposes. Volumetric efficiency in 
this pump varies considerably with the degree 
of vacuum required and decreases as the vac- 
uum increases from about 50 per cent. at 3% 
in. absolute pressure to 18 per cent. at I in. ab- 
solute pressure. Another system is that in 
which a dry air pump of the reciprocating type 
is used to remove the air and uncondensed 
gases and a separate pump to remove the con- 
densate. The advantages and disadvantages 
of this system are the same as for the Ed- 
wards air pump, but the efficiency is rather 
hetter. 

; Previous to the introduction of the steam 
turbme condensing-plant equipments were fur- 
nished with air pumps of one or other of the 
types mentioned, but as soon as the turbine 
bécame a commercial proposition it was neces- 

*Institution of Engineers and Shipbuilders, 

Scotland. 


sary to look for a type of pump having fea- 
tures specially adapted to its requirements. 
With turbine installations it is essential to use 
a high vacuum in the condenser, whereas with 
steam engines of the reciprocating type a 
vacuum of more than 26% in. was seldom re- 
quired. In fact, it is questionable whether 
using a vacuum higher than 26% in. would 
not be considered a disadvantage. With the 
turbine, however, a vacuum less than 27 in. 
is rarely asked for, and sometimes the specified 
figure is as high as 29.25 in. with the standard 
barometer reading of 30 in. In considering 
these figures, due allowance must be made for 
the altitude of the place. The most econom- 
ical vacuum for a turbine installation depends 
on a variety of things, and each case has to be 
considered on its merits. 

On reference to steam tables it will be seen 
that an increase in vacuum from 27 in. to, say, 
29 in:, other conditions, as air leakage, re- 
maining the same, necessitates an increase in 
the capacity of the air pumps from 1.00 to 
3.25, which for a large installation with Ed- 
wards or reciprocating dry air pumps is a very 
serious matter. Therefore various types of 
rotary pumps, which are specially suitable for 
dealing with large volumes of air at low ten- 
sion, have been designed since the adoption 
of the steam turbine, several of which have 
proved very successful. The general design 
of these pumps is much the same, in so far as 
they use a certain quantity of what is termed 
“operating water,” for which various devices 
have been invented to cause this water to move 
in such a manner as to entrain the air from 
the condenser and discharge it to the atmos- 
phere. Perhaps one of the best-known rotary 
dry air pumps is the one invented by Prof. 
Maurice Leblanc. It has been used to a large 
extent all over the world, and its action is 
shown by Fig. 1. This pump is capable of 
maintaining a very high vacuum, and for this 
reason, coupled with the fact that it is very 
simple in construction and not likely to get out 
of order, it has been largely used for turbine 
installations. It cannot be claimed for this 
pump—or, indeed, for any type of rotary air 
pump—that it can successfully deal with an 


- excessive air leakage, but consideration will 


show that this quality is not essential in the 
case of turbine installations where air leakage 
is reduced to a minimum by the adoption of 
steam- or water-sealed glands where the shaft 
passes out of the turbine casing. With a sur- 
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FIG. 2 


LEBLANC AIR PUMP 


face-condensing plant it is only possible for 
air to be brought into the system by the feed 
water and carried over with the steam, or by 
leaking in at the joints. With jet plants, the 
air brought in with the injection water has to 
be allowed for in addition to the above, and 
it is for this reason that the air pump on a 
jet-plant requires to be larger than that for 
a surface-condensing plant doing the same 
steam duty. 

The power required to drive these pumps 
is rather higher than that required for an Ed- 
wards or other good type of reciprocating air 
pump, and consequently a good deal of atten- 
tion has been paid recently to another type of 
pump which would incorporate the simplicity 
of compactness of the rotary pump and the 
low-power consumption of the Edwards and 
other reciprocating pumps. The general trend 
of thought seems to have been in one direc- 
tion. and there are now on the market and in 
commercial use air pumps operating on the 
ejector principle. Nearly all the ieading con- 
denser manufacturers now construct air 
pumps of this description. 

THE NEW EJECTOR AIR PUMP 

The Worthington Pump Co., Ltd., London 
and Newark, manufacture a patent hydraulic 
vacuum pump on the ejector principle, as il- 
lustrated by Fig. 2, which consists of: (1) 
The injection head, (2) the air-suction cham- 
ber, (3) the rotary wheel, (4) the throat and 
tail pipes. The operating water passes be- 
tween two nozzle rings, and the cone of water 
passes between the body of the wheel and the 
outer sleeve, impinging on the inclined sur- 


WORTHINGTON AIR PUMP 





EJECTAIR AIR PUMP 


faces of the vanes, thus imparting a rotary 
motion to the wheel. To operate the pump it 
is necessary to provide a certain amount of 
sealing water, which is supplied from a tank 
situated as conveniently as possible to the 
pump. The sealing water takes up a certain 
amount of heat from the air and water vapors 
withdrawn by the air pump, and a piping ar- 
rangement is provided for withdrawing a cer- 
tain amount of this water by means of a 
bypass connection on the operating pump dis- 
charge, this bypass being fitted with a con- 
trolling reflux valve. The quantity of water 
withdrawn in this manner is replaced by make- 
up water drawn from the circulating inlet- 
piping or an independent supply, thus cooling 
the water used in the cycle of operation. This 
apparatus is doing regular service on one of 
the turbo-alternator groups at the Glasgow 
Corporation: Power Station at St. Andrew’s 
Cross. A number of installations have also 
been supplied to other concerns. 

Willans & Robinson, of Rugby, manufacture 
the Willans-Muller ejector air pump, which 
is operated by the Circulating water, either 
on the series or shunt system. With the series 
system the whole of the circulating water 
passes through the ejector before entering the 
condenser. With the shunt system only a 
portion of the cooling water passes through 
the ejector, and, after use, is returned to the 
pump suction or the source of supply. A third 
method of operating this ejector is by the 
separate-pump system, in exactly the same 
manner as described in referring to the 
Worthington pump. The whole plant is very 





similar to that made by the Worthington Pump 
Co. The Glasgow Corporation has a set of 
this apparatus at work at Pinkston Power Sta- 
tion, and good results have been obtained, and 
a second set is just being installed at St. 
, Andrew’s Cross. 

Another type of ejecter air pump is that 
manufactured by Hick, Hargreaves & Co., 
Ltd., Bolton, under license from the Mason 
Breguet, Paris. This is really two ejectors 
working in series, with an auxiliary condenser 
placed between the first and second stage of 
the ejectors. A number of these air pumps, 
termed “ejectairs,” have been supplied to, or 
are under construction for, the French Navy. 
Referring to Fig. 3, it will be observed that 
the primary ejector A is placed in direct com- 
munication with the main condenser C, and 
extracts the aérated vapor, being operated by 
a single steam jet or nozzle r, The mixture 
of steam and partly compressed vapor is then 
discharged to the auxiliary condenser D, and 
the water returned to the main condenser to 
be dealt with by the extraction pump. The 
second-stage ejector E is coupled up to the 
auxiliary condenser, and draws the air away, 
discharging it to the feed tank. An automatic 
air-inlet valve is fitted to the auxiliary con- 
denser, to regulate the absolute pressure there- 
in. It is claimed that taking air from the 
atmosphere in this manner materially assists 
the stability of the plant, and also renders it 
more flexible. These ejectairs are designed 
for working with steam pressures at 55 Ib. 
per sq. in. or above, and with a special ar- 
rangement of nozzles lower pressures can be 
used in the primary ejector, although the ad- 
vantage of this is not apparent if it is im- 
possible to work the other ejector under the 
same conditions, neither is # clear whether 
this can be accomplished or not. 

The curves, Fig. 4, show the performance 
of an ejectair. Steam to the ejectors had an 
absolute pressure of 125 lb. per sq. in., and 
the steam consumption is given as 194 Ib. per 
hour, of which 129 lb. is recoverable. The 
apparatus worked in conjunction with a small 
jet condenser, dealing with 94 gal. of injec- 
tion water per minute. Curve 1 gives the 
vacuums obtained with water leaving the eon- 
denser at a temperature of 91.4 deg. F. (33 
deg. C.), and the auxiliary condenser out of 
action; curve 2 the velume of air dealt with 
in cubic feet per hour; curve 3 the vacuums 
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obtained with given air leaks, and the water 
leaving the main cendenser as for curve I, 
but with the auxiliary condenser supplied with 
cooling water at 66.2 deg. F. (18 deg. C.); 
and curve 4 the volumes of air dealt with 
under the same conditions. It was calculated 
that the air coming in with the injection water 
and at leaky joints amounted to 1.102 lb. per 
hour (0.5 kg.). 

The British Westinghouse Electric and 
Manufacturing Co., Ltd., Manchester, and the 
Mirrlees Watson Co., Ltd. Glasgow, manu- 
facture an ejector air pump under license 
from the Société Anonyme Westinghouse, 
Paris and Le Havre, which is another inven- 
tion of Maurcie Leblanc. It is the outcome of 
many months of arduous research work, dur- 
ing which time innumerable difficulties were 
surmounted by the inventor, with the result 
that a really first-class ejector air pump has 
been evolved. Figs. 5 and 6 show the general 
arrangement of this apparatus. It will be no- 
ticed that the pump is arranged to work in two 
stages, and the steam is admitted to the sec- 
ond stage of the ejector by opening the stop 
valve C. Immediately C is opened, steam fills 
the annular space behind the nozzle plate, and 
finds its way into the throats of the group of 
nozzles Y attached to this plate; it then passes 
along the steam pipe which supplies the first- 
stage nozzles X, which are also attached to a 
nozzle plate. The supply of steam in this set 
of nozzles is controlled by the stop valve on 
the steam-supply pipe. The pump is connected 
to the condenser at the branch D, which is the 
air-inlet branch. At the entrance to each of 
the steam spaces fine wire-gauze strainers are 
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TWO FORMS OF LEBLANC EJECTOR 


fitted to prevent any foreign matter, which 
may have primed over with the steam from the 
boilers, from entering the nozzles, thereby in- 
tercepting any stoppage in the nozzle throats, 
and consequently a loss of vacuum. These 
nozzles are securely locked to the nozzle plates. 
The mixture of air and steam is discharged 
at the mouth of the cone Y and led away to 
the boiler-feed tank, so that the heat units 
contained in the operating steam can be re- 
claimed by heating the feed water. To start 
the pump to work, it is only necessary to open 
up the steam valve C, and the vacuum will at 
once begin to increase in the condenser or 
other vessel to be evacuated. When the 
vacuum gage becomes stationary, the’ first- 
stage steam-inlet valve is opened up to bring 
the vacuum to a maximum. A very important 
feature in this pump is the absence of moving 
parts. The simplicity of the apparatus is even 


more remarkable than that of the Leblanc 
rotary pump. 


The advantages claimed are as follows: (1) 
Extreme simplicity; (2) the small amount of 
energy required for operating purposes; (3) 
the high efficiency obtained; (4) ease with 
which starting can be effected, and the small 
amount of attention required while at work; 
(5) ability to produce the highest possible 
vacuums; (6) stability. In scanning these 
claims we can pass over the first, which as 
already mentioned, is obvious; there are simp- 
ly two steam valves to open. The second de- 
serves some consideration. The operating 
steam in passing through the nozzles decreases 
in pressure, and consequently in temperature, 
and also, after passing through the nozzles, 
does work in accelerating the velocity of the 
air, increasing its temperature and compress- 
ing it. There is also a small amount of heat 
lost due to friction in passing through the 
diffuser portion of the ejector, which might be 
considered negligible. Beyond this, the whole 
of the heat in the steam can be utilized to heat 
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up.the boiler-feed water, and in order to ob- 
tain full benefit from the apparatus it is 
highly desirable to use the discharge from the 
ejector for heating purposes of some descrip- 
tion. Thus both the steam and air can be 
made to do useful work. In view of this it 
must not be forgotten that when an ejector 
of this type is specified as requiring so many 
pounds of operating steam per hour, this is 
only the apparent quantity; the actual quantity 
is really far less, since the great majority of 
heat units in the steam are still available for 
further work. The actual heat units recovered 
can easily be calculated from steam tables, 
since it is known that the steam and air leave 
the ejector at a pressure of from 10 lb. to 12 
Ib. per sq. in. by gage. It will be observed 
that with a Leblanc multijector an auxiliary 
condenser is not required, and in this respect 
it differs materially from the “Berguet” ejec- 
tair. The employment of an auxiliary con- 
denser has the disadvantage that the total 
heat units of the steam used in the first-stage 
ejector, which amount to an appreciable per- 
centage of the total heat units used on the 
whole apparatus, are dissipated and lost. The 
makers give this percentage as about 33. An- 
other reason for dispensing with the auxiliary 
condenser will be apparent from the follow- 
ing. In all steam-operated ejectors one of the 
difficulties that have to be contended with is 
the fact that the steam leaves the nozzles at 
a velocity varying from about 3,000 to 3,600 
ft. per sec., while the velocity of the fluid to 
be entrained is practically nil. This is the 
cause of considerable loss of efficiency in any 
ejector, but if an auxiliary condenser be used 
the defect is doubled, because the velocity of 
the fluid to be entrained, which has been im- 
parted to it by the operating steam during 
its passage through the first-stage ejector, is 
dissipated and lost as soon as it enters the 
condenser. The cooling water used on the 
auxiliary condenser has to be dealt with by 
the condensate pump, thus increasing the pow- 
er absorbed by the plant. When working with 
surface condensers, this water must be of 
good quality, as it has to be returned to the 
boilers. 

The third claim relates to efficiency. It is 
well known that ordinary single-stage ejectors 
only work well when the compression ratio 
is as 1:7, and it is partly for this reason that 
the Breguet Co. has introduced the auxiliary 
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condenser, so that the vacuum obtaining in 
this condenser is about 25.6 in. with the bar- 
ometer at 30 in., the compression being ap- 
proximately as 11:76, or, roughly, 1:7. The 
over-all efficiency of this plant is, therefore, 
apparently still further reduced, because air 
is admitted from the atmosphere into the 
auxiliary condenser, which is under a vacuum 
of 25.6 in., and this, together with the air 
from the condenser, has also to be ejected by 
the secondary ejector to the atmosphere. 


When Professor Leblanc set out to design 
his ejector he foresaw the possibility of using 
an intermediate condenser, but he also ap- 
preciated its disadvantages and decided to do 
without it if at all possible. At the same time 
he knew that it was essential to use two stages 
in order to get a stable and efficient ejector. 
With this end in view, certain steam nozzles 
were designed on the lines of the formulas of 
Professor Rateau, and the action of the steam 
issuing from these nozzles when under high 
vacuum was directly observed. The result is 
shown by Fig. 7. The steam issuing from the 





FIG. 7. BEHAVIOR OF FLOW 


I 

mouth of the nozzle expands and contracts 
alternately, ultimately assuming a section of 
constant area. It was found that a number 
of these nozzles grouped together gave far 
better results than a single nozzle of the same 
throat area as the group of nozzles. The rea- 
son for this is to a large extent due to the fact 
that the alternate increasing and decreasing of 
the cross-sectional area of the steam stream 
is minimized by the contact of one steam 
stream with the next, when groups of nozzles 
are employed, and this helps considerably to 
increase the surface available for the enter- 
tainment of the air and gases. This entrain- 
ment is carried on mainly by friction, and it 
will be seen that if an appreciable amount of 
gas has to be dealt with, the frictional surface 
exposed to the gas has to be as large as pos- 
sible. It is also inversely proportional] to the 
density of the gas or fluid. 


The number and size of the nozzles depends 
entirely on the space available in the diffuser, 
and keeping within the limits of workshop 
practice. The smallest number employed by 
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the Mirrlees Watson Co. is three, each of 
which has a throat diameter of I mm. These 
are first-stage nozzles. On the largest size 
of pump, and in the second stage, the number 
of nozzles is 30, and these have a throat di- 
ameter of 5.2 mm. when using operating steam 
at 90 lb. per square inch. 


Professor Leblanc, in his paper of 1911 to- 


L’Association Technique Maritime, says that 
“the operating steam entrains the air by fric- 
tion. During entrainment it is the velocity of 
the steam which is utilized, and not its kinetic 
energy.” 

Calling M the weight of operating steam 
used per second, V its velocity at the outlet 
of the nozzles, m the weight of air drawn in 
per second, and W the velocity of the mixture 
of air and steam, then 

MV =(M+m)W 
mW? 

The ratio of the kinetic energy, 

2 


the air drawn in to the kinetic energy, 


b 


contained in the operating steam as it comes 
out of the nozzles can therefore be stated as 


mW? mM 
MV? (M+m)? 


Ee 





m 
so that when — = I 4 \% 


mM 


(M +m)? 
This shows that if the utilization of the 
kinetic energy is to be the basis of the design, 
then for maximum efficiency it is necessary to 

air dealt with 


= 0.25, 0.222, 0.187, 0.160, 0.139 


bring the ratio 





as near to 
operating steam used 


unity as possible. 

M. Leblanc continues: “We tried to diminish 
the loss of kinetic energy by producing at the 
entrance of the diffuser a higher vacuum than 
was necessary, so that the fluid drawn in came 
-in contact with the operating steam with a 
considerable velocity. If the efficiency of the 
diffuser could be brought almost to unity, we 
could add considerably to the over-all effi- 
ciency, but this has been found to be imprac- 
ticable. Following on this, it was suggested 
to use puffs of steam after the manner of 
steam coming out of locomotive chimneys, but 
the complications involyed in making arrange- 
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FIG. 8. COMPARATIVE SIZES 


ments for stopping the inlet of air during each 
puff were such that it would have been easier 
to use a centrifugal compressor. Afterward 
we tried to compensate for the bad efficiency 
due to frictional entrainment by transforming 
heat into kinetic energy in the nozzles. Super- 
heating the operating steam, although so use- 
ful for turbine work, is, however, not good 
for an ejector, because it is more difficult to 
effect compression in the diffuser, which out- 
weighs the advantages obtained in the nozzles. 
The next scheme was to use hot water in the 
nozzles, but this also proved unsuccessful.” 
After numerous other trials it was decided 
that entrainment by friction was most eco- 
nomical, and various types of diffusers and 
different groupings of nozzles were experi- 
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mented with, until the present ejector, as 
shown in Figs. 5 and 6, was decided to be the 
most suited for condenser work. To go 
through the various stages in detail which led 
up to this design would take up too much time. 
With the form of ejector adopted it has been 
found that the efficiency of the nozzle is on 
an average 85 per cent. while that of the 
diffuser is 70 per cent. It will be seen that 
this ejector agrees very well with the ideal 
ejector which Professor Leblanc had in his 
mind. The first stage, which consists of a 
small group of nozzles, serves a triple purpose, 
inasmuch as it effects a certain amount of 
compression, heats up the entrained air, and 
gives it considerable velocity, and consequently 
an increase in momentum. The second stage 
has a large number of nozzles, and it is here 
where the major portion of the work is done, 
the air being compressed from approximately 
26 in. vacuum up to something more than 
atmospheric pressure. To be more accurate, 
the steam used in the first stage is about 5 
per cent. of the total. 


In support of the fourth advantage which 
this air pump is supposed to possess, the fol- 
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lowing figures were obtained on the French 
torpedo-destroyer “Boutefeu.” The turbines 
were stopped, but steam was on the glands. 
The volume to be evacuated was about 635 cu. 
ft. After 1 min. the vacuum was 6 5-16 in., 
2 min. 15 in., 3 min. 22 13-16 in., 4 min. 25 9-16 
in., 5 min. 26% in., and 6 min. 27 9-16 in. The 
theoretical vacuum corresponding to the tem- 
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MULTIJECTORS AT SCOTTISH CENTRAL POWER CO. 





COMPRESSED AIR MAGAZINE. 


perature of the water, 67.1 deg. F.; namely, 
28% in., was attained in 11 min. It was also 
arranged later to allow certain known air 
leakages to enter the condenser. With a 5-mm. 
nozzle, which passes 36.2 lb. of free air per 
hour, the vacuum dropped only % in. With 
a 15-mm. nozzle, which is equivalent to 326 
lb. of air per hour, the vacuum was 21% in. 
With an inch cock full open it took 11 min. 
for the vacuum to fall to 12% in., at which 
figure the mercury column remained steady. 
On closing the regulating valve below the 
nozzle, the vacuum at once rose and attained 
the maximum almost immediately. There is a 
central station near Glasgow where this type 
of apparatus is at work with a multijet con- 
denser. Sometimes when changing machines 
there is liability partially to lose the water 
for a minute or so, but none of the staff ever 
have to trouble about the ejectors, and as soon 
as the water comes back again the vacuum at 
once builds up, and the set is never shut down 
through failure of the air pumps. As a mat- 
ter of fact, in the case above stated, it is 
highly probable that during the period that 
the water supply to the condenser is very 
small there is an air passage between the 
water spaces of the other condensers in the 
station and the multijet plant which would 
allow of a very excessive quantity of air 
getting into the condenser on load. This 
also shows that stability, the sixth claim, is 
another salient point. That high vacuum can 
be obtained is proved by the fact that this 
apparatus is now being used in the French 


Navy and mercantile marine, as well as on ~ 


some land installations for refrigerating pur- 
poses, and installations are at work where tlre 
maximum vacuum obtained is within 1 mm. 
of the barometer. For condensers the best 
results yet obtained by the French Westing- 
house company are within 5mm. of the baro- 
meter. 


From the foregoing it would appear that 
this type of air pump is ideal for use on board 
ship, and particularly in the navy, where space 
is so valuable and weight of such considera- 
tion, and to illustrate this point Fig. 8 has been 
produced, and represents to the same scale an 
Edwards air pump, Leblanc rotary air pump, 
and Leblanc multijector for a steam duty on 
a surface condenser of 40,000 lb. per hour, 
water at 60 deg. F., vacuum 28% in., and 
barometer 30 in. The weights are approxi- 


8689 


mately 20, 832 Ib., 4,480 lb., and 97 Ib., respec- 
tively. For land work it is equally suitable, 
and will soon supersede the rotary pump in 
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many power stations. For sugar refineries, 
chemical and other allied works it should 
prove exceptionally attractive and take the 
place of many reciprocating dry air pumps. 

It may be advisable to point out here that 
this pump is purely a dry air pump, so that 
for surface condensers an additional water 
or condensate pump is still required, and for 
jet plants the usual extraction pump. 

Fig. 9 shows the air-dealing capacity of 
various sizes of multijector pumps taken from 
the actual tests). The maximum vacuum in 
each case is equivalent to the theoretical, the 
slight difference at the origin of the curves 
being due to the different test conditions. 

The table of tests, I, is taken from a plant 
installed at the Scottish Central Power Sta- 
tion at Bonnybridge at a date six months af- 
ter the plant was put on commercial load. 
This company has just decided to order an- 
other plant, and has specified Mirrlees-Leblanc 
multijector air pumps. 

Fig. 10 shows the time taken to start up 
a Hick-Breguet ejectair and a Mirrlees-Le- 
blanc multijector. 

Fig. 11 shows installation of multijector air 
pumps at Scottish Central Electric Power Co., 
Bonnybridge. 





DISPLACEMENT TANKS FOR METER- 
ING COMPRESSED AIR 
BY WALTER S. WEEKS 

The following, which has originally appeared 
in Mining Press, describes an arrangement not 
essentially new, it having been shown in Com- 
pressed Air Magazine, August, 1912. It ap- 
pears here with improvements in detail, and 
the description also will be found more prac- 
tical and specific. 

The general principle of dispjacement-tanks 
for measuring the air-consumption of rock- 
drills is known to most engineers, but it takes 
a good deal of experimenting to construct 
them so that they will work properly. It is 
hoped that these few suggestions will be help- 
ful. 

The elements of the displacement-tanks are 
two closed tanks connected with a pipe at the 
base and equipped with valves so that air may 
enter-one while leaving the other. The air in 
the two tanks is always separated by a piston 
of water, which flows back and forth from one 
tank to the other. The change in level of the 
water in one tank multiplied by the area of 


the tank is the volume of air that has flowed 
out. 

It will occur at once to the reader that there 
are two possible ways of measuring the volume 
of air displaced. In the first method we place 
on one tank a gauge-glass that reaches from 
the top to the bottom. We can read the gauge- 
glass at the start and after a given elapsed 
time, say, a minute, read it again. From these 
readings we can compute the flow of air per 
minute. The main drawback to this method 
is that the tanks must be perfectly regular 
from top to bottom, or else the volume must be 
calibrated in many places. 

In the second method we place two small 
gauge-glasses on one tank, one at the top and 
one at the bottom, and find the volume between 
two marks on the glasses. If we take the 
time for the water to rise from the lower mark 
to the higher with a stop-watch, the volume 
flowing per minute can be calculated. With 
this type of meter, tanks of any shape can be 
used. 

The air entering the tanks must do so at 
constant pressure. A reducing-valve is needed. 
I have tried many kinds and the most satis- 
factory one is comparatively inexpensive. It 
is made by the Westinghouse Air Brake Co. 
and is known as the S 4 locomotive governor. 
The price is $21. It should be fitted with a 
hand-wheel so that it may be regulated easily. 
It should be arranged as shown in Fig. 1 (a). 
(All references will be to Fig. 1 unless other- 
wise specified.) The control-pipe b should 
not be connected to a tank because the valve - 
continuously exhausts air to the atmosphere. 
A lubricator r should be placed on the control 
air-line feeding very thin oil to the valve. 

The air, after passing the reducing-valve, 
must enter first one tank and then the other 
and when it is entering one it must be leaving 
the other. These operations require a four- 
way valve. The stock four-way valve is costly 
and generally leaks. An excellent four-way 
valve can be made with four single valves c 
arranged as shown, with levers, so that they 
can all be thrown together. The valves are 
made by the Westinghouse company and are 
known as I-inch cut-out valves. They cost 
$1.80 each. In the pipe d connecting the tanks 
at the bottom should be placed a quick-closing 
gate-valve e. It is necessary to measure the 
volume of but one tank. Glancing at Fig. 1, 
place a mark on the gauge-glass f and fill with 
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FIG. I 


water to that point through the pipe g. Close 
the gate-valve. Draw off water through the 
pipe g, carefully measuring it until it comes in 
sight on the glass h. Now draw carefully until 
an even number of cubic feet is reached and 
mark point on the glass 4. When the water in 
tank II rises from the lower mark to the 
higher, the measured volume of air has been 
displaced. 

To obviate the necessity for watching the 
gauge-glasses I have arranged for a bell to 
ring at the two critical points. It is done by 





fitting up spark-plugs so that a contact is 
made between the tank and the sparking point 
of the plug by nieans of a float. The principle 
is shown in Fig. 2. An ordinary automobile- 
plug fitted with a float is tapped in at i. A plug 
built as shown in the drawing is placed at k. 
The plug is so constructed that the point of 
ringing can be controlled by screwing the cen- 
tre point in or out. The plug & is placed on a 
line with the mark on the gauge-glass. A 
water-glass should be placed opposite the plug 
i, as shown. 








8692 COMPRESSED AIR MAGAZINE. 








FIG. 2 


To put the apparatus in working order the 
water is run up in tank I until the bell rings. 
The gate-valve is closed and the water in tank 
II is brought to the lower mark. The gate- 
valve is then opened and the water is forced 
to the upper mark. The gate-valve is again 
closed and the spark-plug k adjusted by turn- 
ing the nut » (Fig. 2) until the bell rings at 
this point. Thus it is seen that between two 
ringings of the bell the measured volume of 
air has flowed out. The time is taken with a 
stop-watch. 

To test a drill, connect the hose at 1 and 
start the drill running. Run water into tank 
I until the bell rings. Throw the valves and 
while the water is falling to the level of the 
spark-plug i adjust the reducing-valve. Start 
the stop-watch when the bell stops ringing 
and stop it when the bell starts again by con- 
tact being made at k. To hold the pressure 
constant the reducing-valve must be changed 
slightly owing to the small change in hydraulic 
head on the air. A run of any duration may 
be made by throwing the valves at each ringing 
of the bell and keeping account of the number 
of throws. 

The volume between marks on tank II 
should be about 16 or 18 cu. ft. for ordinary 
drill-testing. Means should be provided to ex- 
haust the air in the tanks to the atmospheric 
pressure if necessary. In the tanks shown in 
the drawing it is accomplished by a three-way 
valve at m. Charts may be plotted for differ- 
ent gauge-pressures with time in seconds be- 
tween bells, against free air per minute. 





The demand for gas in New York city is 
running 23,000,000 cu. ft. in excess of a normal 
day’s consumption in other years. 








FIG. I. DETAIL OF PITOT TUBE AND METHOD OF 
ATTACHMENT TO PIPE 


MEASURING AIR AND GASES WITH 
THE PITOT TUBE 


BY A. H. ANDERSON* 


The pitot tube is now generally understood 
by engineers, but its application has been re- 
stricted to research. Perhaps the reason the 
pitot tube has not received the attention it de- 
serves in the industrial trades, for metering 
air and gas, is because recording instruments 
are available. Recording meters are desirable, 
but there is still a wide field in which an inex- 
pensive device must be used. For instance, in 
distributing costs of gas or air among various 
departments, an indicating pitot tube may be 
placed in each branch and practically the same 
information obtained as with an elaborate in- 
strument. In the air supply duct to a foundry 
cupola or a set of forges, the proper quantity 





*Associate Professor of Experimental En- 
gineering, Armour Institute of Technology. 
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of air can be gaged with a pitot tube and main- 
tained during the period of operation. 

The pitot tube is easily changed from place 
to place, and the pressure or velocity of air 
may be gaged at different points along an 
exhaust line where the size of duct changes 
with the number of branches admitted. 

The indications of the pitot tube are made 
readily available by the use of the tables given 
in this article by means of which calculations 
are avoided. They apply to air at approxi- 
mately atmospheric pressures and also to gases 
of various densities, such as illuminating, coke 
oven, blast furnace and natural gas. In order 
that these tables may be applied directly, the 
coefficient of the pitot tube must be 1.00. If 
the coefficient of the pitot tube is 0.8, then the 
tabular value for velocity must be multiplied 
by 0.8. The pitot tube in Fig. 1 has a coeffi- 
cient of 1.00. 

An illustration of the proper method of con- 
necting a pitot tube to the indicating differen- 
tial gages is shown in Fig. 1. The liquid used 
in the gages is a mineral oil of 0.834 specific 
gravity and the color is red to make it con- 
spicuous. The scale attached to the gage is 
graduated to read in inches of water. The 
dynamic (or bent) tube is in communication 
with the left-hand end of the upper gage. The 
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static (or beveled) tube is in communication 
with the right-hand end of the upper gage and 
the left-hand end of the lower gage. There- 
fore, the upper gage indicates the “velocity 
pressure” and the lower gage indicates the 
static pressure. 

The velocity corresponding to the “velocity 
pressure” may now be determined by reference 
to the tables. Temperature, static pressure 
and humidity affect the velocity, but within 
certain limits the static pressure and humidity 
may be neglected. 

Table I, shows the velocities of air at 80 deg. 
F., corresponding to various “velocity pres- 
sure” readings, in inches of water. 

Table II, shows the coefficient by which the 
velocities in Table I may be multiplied when 
the air is of any other temperature than 80 
deg. F. Coefficients are also given in this ta- 
ble for gases of various densities. 

In certain cases where the pitot tube is 
placed in a long straight pipe, it may be as- 
sumed eddy currents are absent, and the tip 
of the pitot tube may be located at a distance 
from the center equal to 0.8 of the actual ra- 
dius, in order to obtain average results. In 
most cases there are conditions which deflect 
the air currents in the pipe, and the maximum 
velocity is found at one side of the center. Un- 






































8 ° sesssssesses esssseeesss3s oooooo 
a = aoe COCR e-rcoccoe 
a ons SaSRSSSBSaR3gR85s BeSSRSaonass Oh O2e0R 
oe as a ee ee fe 8 ee A -eee Cepek es OS 4 
BAS  PENONHONHNODOCOOWOOCOKRHKSeKSSSSODODDDDDDODOOD 
5 a 
“ ° ogoo ecooeo°o°o°o ecoooeceo°o ° 
S S32 | SSSSLSSSARSISSESSSARHISSLSRSARRISSE SSE 
oe ° ° oo eS 8 Stns Bae ar 4 
a 7kS AAAAAAAAAAAAARAKANHOMMMOMMMNEGTETETETEEoO 
> 
o LSSASSSLISOISESSSSASSLAAISSSSATSSSSBISSSASSESSags 
Pad Oa Oe o Lod © APO 
™ n M~e] FS aaa ROBO SeT Se TEONODS SSSSSSEr eee Sos ODORae 
oO ? O-t ee en wennew nn ean ee aan ase arene annenanen ae aenanaeananne ee 7 
o Zz BAB leoqeveqeveqevqegerrer ved EE GET HIEI ETO WSS 
. nyeroo ANMPNOE DROAAQHNEHOLDAROAANMYFOOSVVOCAAHPFTOHOe 
m & $3 SSSsSsssssSsanAaAAA SAQA RSA RAASHAOHOHNOOSSSETSETS 
S an erreeev eee e. oane aaannee Sanneereseeeeree eee eee eee 
a £23 eT Tee eke ie lh he ne te el a el lee el eee ele 
£ aet 
<I 
~ 
2 
NOM ON ONOHONWOHOQOCONO SOOKHOSCHOOLLOE DVDS 
n -es |SESZS8SESSe&Sase Be8aSe SESZSSssSasocaan ATODORS 
& = 233 BS GASSSCAANANAABBHHSS SE SRHOROOSOPE REE DSBBRASAASOO 
sas ameandtasaastacae Myre ¢ See ee ee Hee tc ; 
Mm Aa AAAA MOM OM NNN MONON MN NOHO N NN NOM NNN NM NNN MOM MN NNNNMYNHMNNS ww~ 
13) om) 
& sae ANMYoHOD ANMPoOO AN MNPFOHOKDROHAMYOORDAOHAAHYH 
> see SSSR BBE SSS SSS SS SS SVK AREER S SSS SSSSSSSSSRRSRRES 
g [eee SCeh eC Ce 6 sb 6 Se 6 sees 2 © oe Se r 
> 
@ROOwWO ENN DVHOMHOHHONMOOH moOooOLO onwoo ° 2°e0 
& -ee BBA SB Bho BARB BHSBSSeRSoSSaSose AOSALOASSasOIse 83 
POM] FORDROCOAANAAMEPFONHGOOKLS DDAROOCOSCHAAAAKAYHYH GY FOONOOOREE OD 
< «ae ee nannnannane eae a asa naw e enna eee as an ener ane enna an & 
EERE AAA EAT Ch AA AD O82 OB 02 CF CVO 62 02 02 02 OF SGI C2 OB CB C2 CY C2 C2 OF CB C2 CB 
coal : 
i} ae 
4 2 ANMNPFHOLDQOHANWOONO ANMPOHOS DPOAAMPHOLDAOAANLOHOL DA 
2 gee PEEe Tt ttt eee PPh Pett Tritt ttt tht t itt t tee PP EE ES S| 
. eeeeee eee ee eewrenevreeneereee eo) 8) 2 O68: Le. Oe 
fe > Beet 









































8694 COMPRESSED AIR MAGAZINE. 
. VELOCITY COEFFICIENTS FOR VARIOUS 
geen TABLE III. RESULTS OF TEST OF A IO-IN. PIPE 
TEMPERATURES 

6as Distance Distance Velocity Velocity 
Ib. per cu. ft. at 80 deg. from wall, from center, pressure, ft. per 

Deg. Fehr. Air 705 .055 | 06 ~065 : : in. min. 

BO 0.972 | 1.160] 1.211 | 1.060 | 1.020 0. a> 4.78 0.108 1810 

60 0.980 | 1.170] 1.120 | 1.070 | 1.030 1.50 3.50 0.145 1550 

2.27 2.73 0.160 1630 

70 0.990 1.180 | 1.130 | 1.080 | 1.040 3.42 1.58 0.165 1650 

, 58 0.165 165 

80 1.000 | 1.200] 1.240 | 1.090 | 1.050 4 4 Hie a 

90 1.010 | 1.210] 1.150 | 1.100 | 1.060 4 “ay a4 _ 

100 1.025 1.2258 | 1.170 | 1.116 | 1.078 | 9.73 4.73 0.105 1310 
110 1.086 | 1.245 | 1.165 | 1.130 | 1.090 | AVERAGE ~ 1550 

‘ . ‘ 1.100 | oe i 

-_ ropett Plagasmest Magecrgdl teeta elie | The positions on the other side of the cen- 
= 1.060 | 1-270] 1.210 | 1.155 | 1.111 | ter are duplicates of those given below. Actual 























der these conditions, it is necessary for accur- 
ate results to determine the average velocity by 
making a-traverse of the pipe with the pitot 
tube. This can be done in the following man- 
ner: Determine the actual radius of the round 
pipe and make a series of pitot tube observa- 
tions at intervals from the center to the wall. 
The intervals between the readings are ac~ 
termined by the equgtion. 


r 
R=— V 2a—I 
VN 
Where R=—distance of various positions 
from center of pipe, inches. 
r=radius of pipe, inches. 
N=number of _ readings 
from wall to wall. 
a—order of readings from center. 
The pitot tube is now located in turn at the 
positions as determined above, first, on one 
side of the center, and then on the other side. 
The velocities corresponding to the ten veloc- 
ity pressures are taken from Table I, and the 
arithmetical average determined. 


As an illustration, assume a round duct 10 
in. diameter, the number of observations from 
wall to wall to be ten. In this case, “r’=5 in. 
“N”=10; “a” assumes values from 1 to 5. The 
values of “R” on one side of the center re- 
sulting from the substitution in the equation 
are as follows: 


desired 


Distance from center, inches 


Recieve send b8 Sick sues tus 1.58 
Mies vat sc ceeaeeutaranaass 2.73 
ee Sisied int Dac butp war ses 3.53 
eS Ae Pes rere 4.18 
EI EES ee Ph ag ra 4.74 


velocity pressures and velocities from a test 
of a 10-in. pipe are shown in Table III, the 
corresponding curve being given in Fig. 2. 

The pitot tube may now be permanently lo- 
cated in the pipe in either of the two ways 
described : 

(1) Locate the tip of the pitot tube at the 
proper distance from the center of the pipe 
to obtain average reading; or 

(2) Locate the tip of the pitot tube at the 
center of the pipe and multiply the indicated 
velocity by the ratio of the average to the cen- 
ter velocity. 

Method 1. Figure 2 gives a curve showing 
the variation of velocity across one diameter 
of around pipe. This curve is drawn from the 
test data in Table III. The average velocity 
is 1550 ft. per min., and the maximum velocity 
(or velocity at the center), is 1650 ft. per min. 
The average velocity is found at a distance of 
4.2 in. from the center, and if the tip of the 
pitot tube is located at that point the readings 
obtained from the gages give average results. 

Method 2. The ratio of average velocity to 

1550 
maximum velocity is —— = 0.94. If the tip 
1650 
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of the pitot tube is located at the center of 
the pipe the indications of the gage give the 
velocity at the center, which multiplied by the 
ratio gives the average velocity. 

The foregoing methods involve preliminary 
work in order to obtain the proper setting of 
the pitot tube; but this must be done in any 
event, whether the apparatus is of the inexpen- 
sive type or of the most elaborate design. 

The method of computing the proper inter- 
vals between pitot tube readings in the average 
velocity determination may be replaced by the 
graphical method which is shown in Fig. 3. 
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FIG. 3. GRAPHICAL METHOD OF COMPUTING AVER- 
AGE VELOCITY 

The large circle represents the round pipe. Up- 
on the radius is constructed a semicircle. The 
radius of the large circle is divided into as 
many equal dividends as there are to be pitot 
tube readings. Erect perpendiculars from each 
point and through the intersection of each per- 
pendicular and the circumference of the semi- 
circle construct circles with the same center 
as the large circle. The radius of the inner 
ring is OJ’, while the radius of the mid-posi- 
tion for the pitot tube is OK’. The construc- 
tion of Fig. 3 is for the case of the 10-in. pipe 
mentioned earlier in this article. To obtain a 
complete traverse of a diameter of the pipe, 
set the pitot tube at each of the radii proceed- 
ing from one wall to the other. 

It will be observed that great stress has been 
laid on the importance of obtaining accurate 
values for average velocity. This is necessary 
because local conditions distort the air cur- 
rents in a pipe and each individual application 
must be examined by itself. 

The internal diameter of the pipe must be 
carefully measured and the cross-sectional area 
calculated in square feet. The product of the 
area and the average velocity is the volume of 
gas or air moved per minute. 
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WATER TRAP FOR AIR LINE 


DRAINING THE AIR LINE 
BY W. B. LAILER 


We experienced considerable trouble in the 
operation of pneumatic chipping hammers at 
points distant from the source of air supply, 
due to the presence of water of condensation 
in the pipe lines, which was discharged through 
the exhaust ports of the hammers. To elimi- 
nate the presence of water in the air before its. 
entrance to the hose line we devised a separat- 
ing device, which served its purpose admirably. 
A tee A was placed in the pipe line at a point 
adjacent that at which the hammers were op- 
erated. Into this tee was connected a depend- 
ing piece of pipe B, capped at its lower end, 
forming a reservoir, or well. A drain C was. 
provided for removing the water of condensa- 
tion. This device helped greatly to remedy our 
trouble, and made unnecessary the use of ex- 
pensive heating equipment for drying the air.— 
American Machinist. 


[The last sentence above may be slightly 
misleading. Merely heating the air does not 
dry it, in the sense of removing the moisture, 
and when the temperature falls the air will be 
just as “wet” as before. Draining the line by 
any device that may be employed is always to 
be regarded as correct practice, but the con- 
densation and precipitation of the moisture 
previous to the draining is accomplished by 
the cooling of the air under pressure, rather 
than by heating it.] 











TEMPERATURE-SENSITIVE PAINTS* 


The above term has been applied to chemical 
compounds that are subject to color changes 
at a comparatively small rise in temperature. 
These paints are occasionally used for indi- 
cating a dangerous rise in the temperature of 
machine bearings, electric generators and oth- 
er apparatus where excessive heating has to be 
avoided. The two compounds described below 
are easy to make and reliable in operation. 

NO. I—DOUBLE IODIDE OF MERCURY AND COPPER 


This compound is normally red, but turns 
black at about 87 deg. C, (188.6 F.) becoming 
red again when the temperature falls. 

To prepare this paint make separate solu- 
tions of copper sulphate and potassium iodide 
in distilled water. Add the latter to the form- 
er with constant stirring until the precipitate 
which is first formed is re-dissolved. Then 
add a strong solution of mercuric chloride 
(corrosive sublimate) and the red double 
iodide of mercury and copper will be precipi- 
tated. Wash and dry this precipitate on filter 
paper. The red powder may be mixed with a 
weak solution of gum arabic in water and 
used as a paint. 


NO. 2—DOUBLE IODIDE OF MERCURY AND SILVER 


This compound is normally of a light prim- 
tose yellow, but turns to a dark orange or 
brick red at about 45 deg. C, (113 F.) It be- 
comes yellow again on cooling—and it may be 
heated. and cooled an unlimited number of 
times without losing its curious property, pro- 
viding it is not overheated. 

Make separate solutions of silver nitrate 
and potassium iodide in distilled water. Add 
the latter to the former with constant stirring 
until the original precipitate is dissolved. Then 
add a strong solution of mercuric chloride 
(corrosive sublimate) which will produce a 
precipitate of the double iodide of mercury and 
silver of a bright yellow color. Wash and 
dry the precipitate on filter paper. It can be 
used as a paint by mixing with a weak solution 
of gum arabic in water. 

[It will doubtless occur to some of our read- 
ers that these paints could be of service in 
compressed air practice. For instance, spots 
of paint No. 2 on the eduction pipes of inter- 





*By W. S. Andrews, Consulting Engineer- 
ing Department, General Electric Company, in 
General Electric Review, Feb., 1918. 
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coolers and aftercoolers would become tell- 
tales at once if the air were not sufficiently 
cooled. If there were no aftercooler then spots 
of paint No. 1 at intervals along the pipe line, 
and then spots of No. 2 as the distance in- 
creased, would show the cooling of the air 
in transmission. When the normal color re- 
turned to the latter spots the air would have 
given up a large portion of its moisture, which 
should then be separated and drawn off.—Ed. 
C. A. M.] 





WASHING AIR FOR ELECTRIC SER- 
VICE 


Air washing and cooling are often resorted 
to for one or several reasons, any one of which 
may be the predominating reason for its adop- 
tion in a specific instance, but all of which de- 
serve consideration at this time of heavy loads 
long sustained with a shortage of capacity. 
Washed air, as its name implies, is air that has 
been washed and being washed is comparative- 
ly clean. Clean air reduces the dirt carried 
over into air-cooled machines, reducing the 
clogging up of air ducts and vents which inter- 
fere with heat transfer and reduces the volume 
of cooling medium. Moreover, the growth of 
such materials as dust and dirt increases the 
fire hazards as these accumulations are readily 
ignited by flame or arc within the machine. 
Cooling the air, which occurs during the pro- 
cess of washing or cleaning, enables an in- 
creased load to be carried for definite tempera- 
ture rise of the machine, since temperature 
drop or gradient between maximum operating 
temperature and ambient temperature of cool- 
ing medium is a factor in heat transfer. Air 
washing increases the capacity because of the 
cooling and also because of the reduced 
amount of foreign matter carried into the ma- 
chine; and also permits a unit to remain in 
service longer without being taken out of ser- 
vice for cleaning. Moreover, troubles due to 
grounds and breakdowns usually are reduced 
because of the comparative absence of dirt and 
dust. Washing the air increases capacity, 
reduces fire risk, decreases labor and enables 
a unit to remain in service a greater percentage 
of the time. Air washing may at this time 
therefore prove a convenient solution to those 
hard-pressed for capacity, where the load ex- 
ceeds the capacity and units can be ill-spared 
for cleaning.—Electrical Review. 
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THE SUBMARINE AND THE UNSINKA- 
BLE SHIP 

The submarine is unique in history. This ter- 
rific aggregation of inventions, having its birth- 
place in America, God forgive us! whose sole 
function is destruction, is at once the most 
potently and malignantly effective of all. In 
any comprehensive view of the war, in any at- 
tempt to forecast the outcome, it is the one 
active agency which it is impossible to ignore. 
Its record of destruction has nothing with 
which to compare it in all history, and the end 
is not yet. 

We are not forgetting the airplane, nor how 
the hopes and the fears of the world now con- 
centrate upon it, but it is not pertinent to our 
present purpose to consider it. 

In the employment of the submarine, as we 
all know, a most peculiar situation has devel- 
oped, in that it can only be largely employed 
by one of the two parties arrayed against each 
other in the great war. Its sole function is to 
sink ships, and not warships at that, but chiefly 
those employed in carrying foodstuffs, muni- 
tions and fighting men across the seas. But it 
so happens that the Central Powers have no 
ships at sea to be destroyed, so that they have 
practically everything to gain and nothing to 
lose py the employment of the submarine. 

The problem thus forced upon the Allies is 
to sink or disable the submarines when they 
can, to avoid or dodge them also when they 
can, but more especially to so design or so ar- 
range their ships internally that they cannot 
be sunk by a torpedo. Curiously enough, any 
inventions toward these ends cannot be in the 
least available to the submarine gang, for they 
have no ships abroad to be saved from sinking. 
Any information concerning the means adopted 
for making the ships unsinkable cannot be of 
any use or value to the Central Powers, and 
can, in fact, have no effect at all upon them 
except in so far as it may show them how the 
task which the submarines have undertaken 
becomes more hopeless. Only discouragement 
and not encouragement at all can be in it for 
them, nor anything to help their hellish schemes. 

On the other hand, as one thing leads to an- 
other nowhere more surely and more constant- 
ly then in the line of practical invention, all 
possible up to date information concerning the 
inventions which are developing’ in this line 
must have a stimulating effect and exert an in- 
pelling force upon the brains now trained up- 
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on the problem of the unsinkable ship, and we 
may be now and always only certain that fur- 
ther important advances are inevitable in con- 
sequence of the revelations. 

We have not at all to seek the means of ren- 
dering ships unsinkable, but only the manner 
of application. As sunken ships are now fre- 
quently raised by the use of air, it must be in 
the nature of things a still simpler thing to 
prevent them by the same means from sinking, 
and thousands have proposed it. 

The scheme of Mr. W. W. Wotherspoon, 
which has been applied to ships of the U. S. 
Navy, provides in the design of the ship for 
many hundred separate watertight, air filled 
compartments, only a few of which are liable 
to rupture from any local injury to the ship. 

And now comes Mr. William T. Donnelly, 
Member of the Society of Naval Architects 
and Marine Engineers, and an acknowl- 
edged expert on flotation, with his system 
of buoyancy boxes. In the ship Lucia 
where they are. placed there are nine or 
ten thousand of these boxes. They are 
normally of ordinary pine, 3 ft. long, 2 ft. 
wide and 1 ft. deep, and to secure water-tight- 
ness they are covered with galvanized sheets 
These boxes are fitted in lines around the ship, 
both above and below the water line, and fast- 
ened to beams where vacant space is available. 
Boxes also of larger size and of different shape 
are used in adaptation to available space. In 
stowing merchandise in ships, boxes of the 
same kind may be inserted as space fillers any 
where. The idea apparently has more of com- 
mon sense then of ingenuity in it, and is none 
the worse for that. Mr. Donnelly estimates 
that only 14 per cent. of cargo space is lost 
in making ships unsinkable by this means, and 
the cost of thus equipping vessels is put at 10 
per cent. of the cost of the ship. No one can well 
dispute the fact that this device should be given 
a fair chance for full demonstration as quickly 
as possible, and in the meantime other devices 
of equal promise will be equally welcome. 





Those who imagine that an aeroplane needs 
a 300 acre field in which to land will do well 
to remember that British pilots of the Royal 
Flying Corps and Royal Naval Air Service, 
and French pilots also, have flown regularly 
over the mountains in the Balkans, starting 
from and landing in little patches of level 
ground in the valleys. 


NEW BOOK 


Finding and Stopping Waste in Modern Boil- 
er Rooms, is an up-to-date handbook (copy- 
right 1918) compiled by George H. Gibson, as- 
sisted by Percy S. Lyon, and published by the 
Harrison Safety Boiler Works, North Phila- 
delphia Station, Philadelphia. There are 274 
pages, 7 by 43% inches, liberally illustrated and 
the nominal price is $1.00. The book is pre- 
pared for those who have to do with steam 
plants, and while originally planned as an ad- 
vertising publication the formal advertisements 
are conspicuous by their absence and practi- 
cally the entire book is a useful compilation 
of the best information on the design and op- 
eration of steam boiler plants. The topics suc- 
cessively treated relate to fuel, combustion, 
and steam generation, while the uses of the 
steam, for the development of power, for heat- 
ing or other purposes are not considered. Ta- 
bles and charts are given, various references. 
are cited and the contents are carefully in- 
dexed. 





A PNEUMATIC LOCKING LOCOMO- 
TIVE REVERSE GEAR 

An excellent locomotive reverse gear de- 
signed by Mr. C. J. Mellin, consulting engi- 
neer of the American Locomotive Company, 
has been brought out by that concern and ap- 
plied by them to a number of engines which 
they have recently turned out. The essential 
feature, or rather one of the principal com- 
ponent parts of the apparatus, consists of an 
ordinary cylinder with a cup-packed piston and 
a crosshead with a single guide bar, an oper- 
ating valve, a locking device and a hand-lever 
with a latch valve in the cab. What looks like 
the bottom guide for the crosshead is really 
a pivoted bar, which may be drawn up at one 
end and in a sense clamped on the underside 
of the crosshead, and this really forms a clamp 
which locks the crosshead and prevents any 
creeping of the mechanism, due to leakage or 
from other causes. It is this outside or me- 
chanical system of locking that forms one of 
the distinctive features of the Mellin gear. 

A close inspection of this mechanism shows 
that the top guide is stationary, and the cross- 
head entirely encloses it, so that if the lower 
bar or clamp bar was to fall off it would make 
no difference to the straight line movement 
of the crosshead. The action of the clamp bar 
is simple but effective. On top of the apparatus 
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PNEUMATIC REVERSING GEAR 


is placed what is called the locking device. It 
consists of a cylinder or case containing a 
spring at one end of which is-a piston moving 
in a small cylinder which is formed as a con- 
tinuation of the spring case. It may be said 
of this design that the locking device is of the 
friction variety, with the spring case com- 
bined with a release cylinder. There is a 
spring, and connected to the pivoted guide, 
which by the tension of the spring is. magnified 
through a bell crank leverage, and this force 
grips the crosshead between it and the main 
guide. The hand lever latch or lock release 
valve is a simple poppet inlet and discharge 
valve, subject to the movement of the hand 
lever latch, by means of a trigger and bolted 
to the lever fulcrum bracket. 

When the reverse mechanism is about to be 
used, the hand which grasps the lever puts the 
latch handle up against the main handle and 
this opens the small poppet valve, referred to 
above. Air therefore flows into the 34-in. pipe 
leading to the air end of the spring case. The 
air pressure so introduced moves the small pis- 
ton and compresses the spring in its case. In 
consequence of this, the bolt from the spring 
case moves back and, through its connections, 
loosens the pivoted locking bar under the cross- 
head. 

The hinged lock bar or guide must clear the 
pivoted shoe on the crosshead by % in. in its 
parallel position with the main guide, so that 
it takes an inclined position when locked; giv- 
ing more inclination when the crosshead is at 
the inner end of the stroke, and any slight 





variation in leverage action which exists on 
the crosshead by the locking guide in and be- 
tween these positions, is compensated for by 
the variations in tension of the locking spring, 
thus securing an approximately uniform lock- 
ing pressure on the crosshead for any posi- 
tion of its stroke. 

The operating valve, placed in the centre, be- 
low the cylinder, is of the rotary type, having 
lap and passages like an ordinary slide valve 
but without any stuffing box. 

In raising the handlever latch in the usual 
way, the latch valve automatically admits air 
into the locking cylinder and releases the lock 
by compressing the spring and remains so un- 
til the latch is again dropped and the lock be- 
comes set. The movement of the handlever 
transmits motion through the floating lever, 
shown vertically in central position in our 
illustration, with the crosshead connection to 
it as a fulcrum, and this movement opens the 
uperating valve. The motion of the crosshead 
which follows, transmits motion through the 
floating lever with the handlever connection 
as a fulcrum, and closes the valve when the 
gear is stopped and gripped by the lock at the 
corresponding position of the handlever. At 
any movement in either direction of the hand- 
lever this action is repeated with all parts ex- 
cept the handlever. 

In order to hold the valve gear without dan- 
ger of undesirable movement, the locking guide 
is brought in contact with the pivoted shoe 
on the crosshead, the spring link is adjusted 
so that its connection to the bellcrank is about 
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%-in. outside the vertical center line of its ful- 
crum and the length of the lifting links are ad- 
justed so as to give a close but free insertion 
of all connecting pins in the lock. 

This is a good example of the growing use 
of pneumatic reverse lever gears, now that the 
valve mechanism has become so that with any 
sort of motion of the engine the valve gear is 
hard to work. There is no such thing now as 
“horsing her over,” as in former days, and a 
good, pneumatic reverse mechanism gives a 
much finer cut off than was possible with the 
old reverse lever and notched quadrant, how- 
ever fine the notches were cut—Railway and 
Locomotive Engineering. 





A COMPRESSED AIR OPERATED VAC- 
UUM CLEANER* 

A vacuum cleaner is shown in the drawing 
which was developed on the Philadelphia & 
Reading. It has been in successful use on that 
road for about a year in cleaning passenger 
cars and offices at points where compressed 
air is available. The device is intended to be 
left on the platforms of cars and in the hall 
outside of office doors while in operation, a 50 
ft. length of four-ply water hose being used to 
make this possible. 

One of the difficulties which is experienced 
with many vacuum cleaners is that they become 
stopped up, especially in very damp weather, 
and are not easily cleaned out. It will be no- 
ticed that with this cleaner the vacuum cham- 
bers may be cleaned out very readily by re- 
moving the combining nozzles and turning on 
the compressed air. The vacuum gage regis- 
ters about 18 in. when using the cleaner with 
air pressure at 100 lb. per square inch. Of 
course, a higher vacuum may be produced if 
higher air pressure is available. 

Little need be said relative to the construc- 
tion of the device, as the drawing clearly 
shows all the details. As developed on the 
Philadelphia & Reading, the parts are made of 
Brass, but there is no logical reason why cast 
iron can not be used if desired. 





A. U. S. destroyer recently went into dry- 
dock after having steamed 25,000 miles, and 
then requiring only scraping and painting. 





*By Howard W. Stull, Machine Shop Fore- 
man, Philadelphia and Reading R. R., Read- 
ing, Pa., in Railway Mechanical Engineer. 
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DISTILLATION OF LIGNITE 


Efforts are being made in France to intro- ‘« 


duce the distillation of lignite for tars. ~The 
Societe de Distillation des Combustibles, Paris, 
is constructing an improved Ziegler type of 
furnace similar to that used for the distillation 
of peat, a type yielding about 7 per cent. of tar 
which is treated by fractional distillations car- 
ried out in vacuo, to increase the output of 
heavy products; followed by chemical purifi- 
cation by washing with dilute sulphuric acid 
and soda, to remove the picolines, cresols, etc. 
The crude paraffin, extracted by crystallisation 
of the heaviest oils, is first passed through the 
filter-press. The purification consists of a 
series of filterings in the filter-press, and melt- 
ings in light oil. The last traces of oil are re- 
moved by scrubbing with super-heated steam, 
and the paraffin wax is clarified by filtering 
through animal black. In one place in Ger- 
many, where the system was adopted, 70 to 80 
per cent. of marketable product$ were obtained 
from lignite tar, viz., 15 to 20 per cent. of 
paraffin wax; 5 to 20 per cent. of kerosene; 5 
to 15 per cent. of cresotes and organic acids; 
the remainder being light products, petrol, etc., 
or heavy products such as gas oils and lubri- 
cating oils. 





A FUEL OIL BURNER 


We illustrate here, both externally and in- 
ternally, the Coleman oil burner made by the 
Foundry Equipment Company, Cleveland, 
Ohio. It is already numerously employed in 
foundries on melting furnaces, for core and 
mold ovens, annealing ovens, ladle heaters and 
wherever fuel oil is burned, and there is no ap- 
parent reason why it should not be as ser- 
viceable elsewhere as in the foundry. 

In this burner the air supply is connected to 
the lower nozzle and the air is fed from the 
main air chamber through a hollow brass stem. 
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SECTION OF COLEMAN OIL BURNER 


The oil is fed around this circular stream of 
air, and, at the end of the brass stem which 
controls the oil supply the oil is forced into 
the stream at a sharp angle. This causes a 
breaking up of the oil into minute particles and 
produces a primary mixing with the air. A 
second and larger outer stream of air, cutting 
through the primary mixture, produces a 
further atomization and furnishes the proper 
combination of oil and air for complete com- 
bustion. The ease with which all adjustments 
are made is self-evident, the construction per- 
mitting the feeding of a very small or a large 
quantity of oil, as well as complete control over 
the supply of air for combustion. 

The burner as here shown provides for a % 
in. oil line-and a 2 in. air line, giving a large 
range of feed for both oil and air. Air at 2 
Ib. and oil at 5 lb. are quite commonly used, 
but these burners are in operation under a 
great variety of conditions as to both pres- 
sures. 





A BLOWER FOR PRIMING CENTRIFU- 
GAL PUMPS 


One of the difficulties met with in the oper- 
ation of a centrifugal pump is the priming, 
and for this reason a number of operators arc 
using the plunger rather than the centrifugat 
type of pump. Various methods of priming 
have been tried, some of which were success- 
ful and others not. The Clearfield Bituminous 
Coal Corporation at its Rossiter mine, Rossi- 
ter, Indiana County, Pennsylvania, has suc- 
ceeded in devising a priming device that has 
operated very successfully. 

In the pumping room at the foot of the 
main slope (it is also at the foot of a man- 
shaft) the company has three 600-gal. single- 
stage Morris centrifugal pumps arranged in 
a battery. These pumps have separate suction 
lines, but they all discharge into a main dis- 
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charge line that goes up the 
mainshaft to the surface, nmiak- 
ing a head of 80 ft. for the 
pumps to work against. The 
pumps have a maximum lift of 
9.23 ft. on the suction line. The 
pump-room itself, as can easily 
be seen in Fig. 1, is built en- 
tirely of concrete. 

The Clearfield company has 
had considerable trouble in op- 
erating these pumps. It has 
been difficult to prime them, as 
they would not start until there 
was 7 lb. pressure in the dis- 
charge line. First the plan was 
tried of keeping the water in 
the pumps from running back 
to the sump by means of foot 
valves, but these valves would 
stick and leak, and _ they 
caused a great deal of an- 
noyance. 

Next priming was tried by 
means of an auxiliary pump, an 
electric-driven plunger pump 


built by Deming. The water was pumped into 
the centrifugal pump through the priming hole. 
“Foot valves were placed on the suction pipes, 14 ft. in the discharge pipe. 





FIG. I. PUMPING ROOM 
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and the plunger pump was run until the water 
filled the suction pipe and the pump, and rose 
Then the cen- 
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trifugal pump was started. :This method was 
found. to be too slow, particularly if there 
were bad leaks inthe foot valves, though it 
is still used in case of emergency. 

It was then decided that if a vacuum could 
be‘produced in the purmp the water would rise 
from the sump into the suction pipe and then 
into the pump. This method was. found to be 
successful and much quicker than’the methods 
first tried. Further, it eliminates’ alf. trouble 
due to leaking foot valves. 

A 2-in. pipe was. connected by branch lines 
to each of the priming inlets of the pumps, as 
illustrated in Fig. 2. These branch lines each 
consist of a I-in. nipple; a 1I-in. globe valve 
and another I-in. nipple. The main 2-in. pipe 
was run to the main~shaft, 30 ft. away, and 
then up a distance of 28°ft.8 in. This, togeth- 
er with the difference in elevation between the 
center of the pump and the 2-in. pipe line, 
makes a total distance of 31 ft. 4% in., or high- 
er than water will rise in a vacuum. A check 
valve was placed near the top of the line, and 
at the top of this pipe a 2-in. return elbow was 
located, then a 2-in. pipe was run down again 
to the pumproom, to which was connected a 
blower operated by a 2-hp. motor. 

When it is desired to prime the pumps, the 
main discharge line valve is closed and the 
blower started. . This sucks the air from the 
2-in. pipe, the pump and the suction line, caus- 
ing the water to rise in the suction pipe, the 
pump and the 2-in. pipe line. As soon as the 
water reaches a height of 14 ft., as indicated 
on a pressure gage at the bottom of the dis- 
charge line, the large centrifugal pump is 
started, the large valve in the discharge pipe 
opened and the-water discharged through this 
to the surface. —Coal Age, 





NOTES 

,To-build a tunnel under the Mogi hails 
Japan, starting at Shimonoseki and ending at 
Dairi Fukuoka Prefecture, is the intention of 
influential citizens of Fukuoka, Kiusha, who 
will form a company with capital stock of $7,- 
228.250. This tunnel will be connected with the 
railway trunk line at Kiushu and will be 17,700 
feet long. It will extend for 4000 feet beneath 
the sea and will require five years to complete. 





Sugar, states a medical authority, is of all 
the foods the quickest source of energy, and 
almost the cheapest. Only the cereals in their 


coarsest form offer more nourishment for the 
Same expenditure. In no other. food has 
nature stored up nourishment in a form so 
near ‘that which the human body can utilize 
it. A; spoonful-oef sugar is actually trans- 
formed: into body efiergy in half an hour ‘and 
less: “This quick efficiency; has been found use- 
ful by athletes and- by’ soldiers on forced 
marches. Pound per pound, sugar gives a 
higher fuel value or working power to. the 
muscles than do beans or peas or the cereals. 
when sold in the breakfast food forms. 





It is reported that the Gotha airplanes which 
raid England from time to time, are equipped 
with apparatus for producing smoke clouds for 
purposes of concealment. The smoke cloud is. 
usually emitted when the raiders are threat- 
ened by anti-aircraft artillery ; and since it has. 
the same color and formation as the fleecy 
clouds overhead, the task of the gunners below 
is made far more difficult. 





Production records at the Baldwin Locomo- 
tive Works are being broken weekly. It is 
reported that in a recent week about 100 loco- 
motives.of various sizes were turned out, and 
President Alba B. Johnson is authority for the 
statement that the plant is completing a loco- 
motive an hour. 





LATEST U. S. PATENTS 
Full specifications and drawings of any pat- 
ent may be obtained by sending five cents (not 
stamps) to the Commissioner of Patents, 
Washington, D. C. 


JANUARY 1 

1,251,501. PNEUMATIC ACTION. . Charles. G; 
Gilberg, Rockford, Ill. 

1,251,641-2-3. SLACK-TAKE-UP:. FOR FLUID=- 
PRESSURE BRAKE SYSTEMS. George 
Christtenson, Jamaica, N. Y. es. $ 

1,251,673. AIR-OPERATED TOY. Charles 
Koshalko, Cleveland, Ohio. 

1,251,734. PNEUMATICALLY - CONTROLLED 
FRICTION DRIVING MECHANISM FOR 
ee Fritz Balzer, Chi- 


ago 
Z, oBt S53  STUMP- BURNER. Albert S. Good- 
win and Charles C, Hurd, Tacoma, Wash. 
1..A stump burning device comprising a blast 
pipe adapted to enter a hole formed in the 
stump, means for inducing a draft of air in 
said pipe, and means for. reversing the direction 
of said draft. 
1,251,849. COMPRESSED - AIR - POWER 
PLANT. Seward S. Vernon, Paterson, N. J. 
1,251,954. PROCESS FOR PRODUCING 
LIQUID OR SOLUBLE ORGANIC COMBIN- 
ATIONS FROM HARD COAL AND THE. 
LIKE. Friedrich Bergius and John Billwiller, 
Hanover, Germany. 
1. The process of treating products of car- 
bonization of vegetable matter which consists in 
subjecting them to the action of hydrogen at 
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pt ea temperature of less than 600 degrees 
tigrade and at re of more than 


a Bl gone ena: un uid or low-melting- 
reaction Talo yd of the solid carbonaceous 


matters 103, 4 PAINTING APPARATUS. James 
S. Gilmer, eae Tenn. 

1,252,178. EBVACU ON AND COMPRES- 
SI ION 0 GASES. Edmund Scott Gustave 


Rees, England. 

1,252 si tamtord, Br DEVICE FOR LOCOMO- 
TIVES. William H. White, Roanoke, Va. 
1,252,254. METHOD OF ND APPARATUS 
FOR INJECTING FUEL INTO COMBUS- 
ee Joseph O. Fisher, U. S. 


1, a 614. HOT-AIR SYRINGE. Oscar H. Pie- 
and Alphonse F. Pieper, Rochester, N. Y. 

1, 262, 623. P URE-REGULATOR FOR A 
FLOW, a" FLUID. Charles H. Smoot, New 


York, N. Y. 

1,252,780. DIVER’S HELMET. Ferdinand Lud- 
wig Claren and Hermann Stelzner, Lubeck, 
Germany. 


1,252,799. FLUID-PRESSURE MOTOR AND 
TRANSMISSION APPARATUS. Edward BE. 
Gray, Plano, Ill. 

1,252,904. FLYING-MACHINE. Andrew M. 
Hirmer, Millvale, Pa. 

1,252,905. VACCUM STREET-CLEANING MA- 
CHINE. Eddie E. Johnson, Toledo, Ohio. 
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1,252,279. oe er ee A Tine MEANS. 
Charles McDonald, Chicago, Ill. 
1,252,280. Suet! ests CUP. Charles D. McDon- 


by nell “AGrOMATIC TRAIN-STOP. Adiel 


1, baat 374- *. et LING MACHINE, George H. 
ilman, Claremont, N. H. 


JANUARY 8 
1,252,487-8. METHOD FOR we ae ROS 
THE TION OF LEAKS UNDER- 


LOCA’ 

gig te FLUID-PRESSURE PIPES. George 
V. Payne, Chicago, IIl. 

1,252, 490. “YD DRAULIC, STEAM, OR AIR 
VALVE. Nicholas U. Peris, 3, Steeiton, Pa. 

be 508. VENTILATING-FAN. John Stan- 
ad Glasspoole Telfer and James Henry Cart- 

r Boyd, London, En ee. 
1, 252, 557. PROCESS APPARATUS FOR 


NCREASING THE Fk gg oh eal OF OIL-: 
ELLS. 


Irwin L. Dunn, Marietta, Ohio. 

1. A process of operating’ oil wells which con- 
sists in introducing compressed gas to the oil 
sand in which the wells are located, maintain- 
ing a column of oil in the well to be pumped to 
exert a pressure upon the copes gas, 
and pumping the oil from said wells. 





1,253,026. CENTRIFUGAL REFRIGERATING- 
MACHINE. Victor J. Goetz, Favadeehie, Pa. 
1. A centrifugal refrigerating machine, hav- 

ing intercommunicati igh and low pressure 

chambers to receive the refrigerating and the 
compressing mediums, and an aspirator operated 
by centrifugal force on the compressing medium 
to continuously aspirate the gaseous portion of 
the refrigerating medium from the low pressure 
chamber to — high pressure chamber and 

change it to a 

1,253,030. PNEOMATIC ACTION FOR PLAY- 
ER-PIANOS AND THE LIKE. Adolph P. 
Gustafson, Chicago, III. 

1,253,115. AIR LIFT-PUMP. Charles W. Whit- 
ney, Chicago, Ill. 

1. An air lift or Bae eduction piping com- 
posed of a series of cast iron sections coupled 
together so as to provide a smooth interior, the 
external diameter of a section being substan- 
tially identical throughout its length while the 
internal Bm yd is gradually and consfantly 
increased from one end to the other. 

i; ae, 130. AIR-BRAKE MECHANISM. Edward 

. Bock, Ellinwood, Kans. 


JANUARY 15 


1,253,233. ABDOMINAL - MASSAGE IMPLE- 
MENT. William C. J. Guilford, Harrison, Me. 
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Jr., Neola, Iowa. 


i, 363, 290. ROCK-DRILL. William A. Smith, delphi: 
1,253,502. CURRENT FLUID-METER. Frank 
DRILL-SHARPENER. William A. Lambert, Brooklyn, N. ¥ 
RESSURE ERA 1,253,520. DRYING-TUMBLER. John H. Os- 
YOR STOPPING AUTOMO. tertag, Columbia, Pa 
BILES OR THE LIKE. Eli M. De Lay, Chat- 1,253,535. SUCTION-CLEANER. William W.. 
tanooga, Tenn. 
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Pneumatic PaTENts JANUARY 8 
AIR-INLET DEVICE. William Mel- 1,253,401. APPARATUS FOR TREATING AIR 


With LI ita John H. Lorimer, Phila- 


Rosenfield, New York, N. 






































nmen. aa) Fal Pal le 

















Pneumatic PATENTS JANUARY I5 





8706 COMPRESSED AIR MAGAZINE. 


1,253,558-9. PUMP AND PUMPING SYSTEM. 
Burton S. Aikman, Milwaukee, Wis 

1,253,561. POWER- ACTUATED IMPLEMENT. 
Oliver O. New York, N. 

1,253,650. ate PSOOLED TOOL. Louis J. Van 
Guelp: pen, Ba area Ohio 

1,253,672. USTING AND SPRAYING AP- 
PARAT TUS. Frederick J. Decker, Rochester, 


WN, YX; 

1,253,781. BURNER FOR 1 gaa a GAS. 
Zenas H. Br rown, Cleveland, Oh 

1,253,794. AUTOMATIC OIL- BURNER. Albert 
B. De eem, Indianapolis, Ind. 

1,253,827. PNEUMATIC TOOL. Charles A. 
Hultquist, Los Angeles, Cal. 

1,253,844. PROCESS AND APPARATUS FOR 
IMPREGNATING WOOD AND OTHER POR- 
OUS MATERIALS WITH PRESERVATIVE 
LIQUID. Henry S. Loud, New York, N. Y. 
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1,254,165. VsCcome: TANK. Karl D. Smith, 
Battle Creek, Mic 

1,254,175. PREDER FOR PNEUMATIC 
STACKERS. Gilbert Thompson, Burns, Mont, 

1,254,188. PUMP FOR PNEUMATIC CLEAN- 
ERS. George W. Allen, Boston, Mass. 

1,254,189. “AIR-MOISTENING DEVICE. Fred- 
eric F. Bahnson, Winston-Salem, N. C. 

1,254,356. NEBULIZER AND | VAPORIZER 
FOR INTERNAL-COMBUSTION ENGINES. 
Henry M. Reichenbach, Detroit, Mich. 

1,254,357. Pe ee John Reid, 
New York, N. 


1,254,385. JAR 7 ES MACHINE. John 
T. Anderson, Davenport, Iowa. 
1,254,893. PULVERIZED - FUEL AND AIR 


FEEDER AND — George W. Clendon, 
New York, 
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2. The method of impregnating wood with a 
liquid preservative under atmospheric, superat- 
mospheric, and hydraulic pressures, successively, 
which consists in subjecting the articles to such 
treatment in a three-fold cycle, the coincident 
operations in the several cycles being different, 
the completion of the operation in each cycle 
initiating, and carrying through, a like operation 
in the succeeding cycle. 

1,253,856. TIRE-INFLATER. Melvyon A. Mar- 
quette, San Francisco, Cal. 
1,253,859. AIR - CUSHION SWEAT-BAND. 

Harry Mertz, Baltimore, Md. 

1,253,946. DENTAL - BLOWPIPE BURNER. 

one eT. De Carvalho, Jr., Rio de Janeiro, 
razil. 

1,253,976. DOUBLE - ACTING AIR-PUMP. 

Robert D. Hughes, Lynchburg, Va. 
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1,254,097. al he galt - COMBUSTION’ EN- 
GINE. Carl W. Weiss, Brooklyn, N. Y. 

1,254,156. FLUID PUMP, TURBINE, AND 
THE LIKE. Richard C. Parsons, London, 
England. 


1,254,396. VACUUM-CLEANER. Clifford C. 
Dance, Denver, Colo. 


i, se, 465. ELASTIC-FLUID TURBINE. Oliver 
.H. Bentley, Boston, Mass. 


1,2 “ty 520. COMBINED LIGHT AND AIR 
TRANSMITTING APPARATUS. Daniel M. 
Macduff, Detroit, Mich. 


1. In an apparatus as specified, the combina- 
tion of a plurality of connected tubes, means for 
conducting the sun’s rays in pencils through 
said tubes, means for producing artificial illum- 
ination in said tubes, an air vent in said tubes 
through which the air may circulate, the pencils 
of light from the sun’s rays and from said artifi- 
cial light being adapted to heat the air and 
accelerate the circulation thereof. 


1,254,526. AUTOMATIC TIRE-PUMP. Michael 
D. Murray, Ambridge, Pa. 

1,254,606. EVAPORATOR. Ralph W. King and 
Herbert G. Miller, The Dalles, Oreg. 

1,254,612. APPARATUS FOR PURIFYING 


AND HUMIDIFYING AIR. Adolph W. Lis- 
sauer, New York, N. Y. 











